01 
-J 

: c 



PTO/SB/05 (2/98) (modified) 
Approved for use through 9/30/2000, OMB 0651-0032 J 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 



KIPW 1 ITII ITY 

PATENT APPLICATION 
TRANSMITTAL 

(only for new nonprovisional applications under 
37 CFR 1.53(b)) 


Attorney Docket Number 


3454 


First Named Inventor 


Gerard McGoogan 


Total Pages m this 
Submission 


44 


Express Mail Label No 


EM207853573US 



APPLICATION ELEMENTS 



ACCOMPANYING APPLICATION PARTS 



1. 0 

Fee Transmittal Form (in duplicate) 

Check Enclosed 
Specification 

(preferred arrangement set forth below) 
Descriptive Title of the Invention 
Cross Reference(s) to Related Case(s) 
Statement Regarding Fed sponsored R&D 
Background of the Invention 
Brief Summary of the Invention 
Brief Description of the Drawing(s) 
Detailed Description 
Claim or Claims 
Abstract of the Disclosure 

3 0 

Drawing(s) ( when necessary per 35 (JSC 113) 
Oath or Declaration 

a. 0 



6 D Assignment & PTO-1595 

Certified Copy of Priority Document(s) 
(if foreign pnonty is claimed) 

8 - D Information Disclosure Statement & PTO-1449 
Copies of IDS Citation(s) 

Preliminary Amendment 

1 0 Small Entity Statement 

New Statement enclosed 

Statement filed in prior application. Status still 
proper and desired 



New Declaration 
LZl Executed 



b. 



□ 



Copy from a prior application (37 CFR 1.63(d)) 
(for continuation/divisional with Box 1 7 completed) 

I □ DELETION OF INVENTOR(S) 

Signed statement attached deleting mventor(s) 
named in the prior application, see 37 CFR 
1 63(d)(2) and 1 33(b) 

Incorporation by Reference (useable if Box 4b is 
checked). The entire disclosure of the prior application, 
from which a copy of the oath or declaration is supplied 
under Box 4b, is considered as being part of the disclosure 
of the accompanying application and is hereby incorporated 
by reference therein. 



11. 


0 


12. 


□ 


13 


□ 


14. 


□ 


15. 


□ 


16. 


□ 



ADDRESS TO: 

Assistant Commissioner for Patents 
Box Patent Application 
Washington, D.C. 20231 



17 If a CONTINUING APPLICATION, check appropriate box and supply the requisite information below and m a preliminary amendment 

D Continuation D Divisional D Continuation-in-part (CIP) of prior application No: / 

Pnor application information: Examiner. Group/Art U nit. 



18. CORRESPONDENCE ADDRESS 



NAME 



Greg T. Sueoka 
Fenwick & West LLP 



ADDRESS 



Two Palo Alto Square 



CITY 



Palo Alto 




{STATE CA 



ZIP CODE 94306 



COUNTRY 



U.S.A. 



LEPi 



(650) 858-7194 



FAX (650)494-1417 



Name (Print/Type) 



Sanjay Pr^d 




Registration No. (Attorney/Agent) 



36,247 



Signature 



Date 



May 22, 1998 



Rev 05/22/98 



PTO/SB/17 (6-95)(modified) 
Approved for use through 11/30/96, OMB 0651-0032 
Patent and Trademark Office- U.S. DEPARTMENT OF COMMERCE 



0002/PTO(modified) U.S. Department of Commerce 
Rev. 10/95 Patent and Trademark Office 

FEE TRANSMITTAL 

TOTAL AMOUNT OF PAYMENT 


Complete if Known 


Application Number 




Filing Date 


May 22, 1998 


First Named Inventor 


Gerard McGoogan 


Group Art Unit 




Examiner Name 




Subtotal (1) + Subtotal (2) + Subtotal (3) = ($)976.00 


Attorney Docket Number 


3454 



METHOD OF PAYMENT 



FEE CALCULATION (continued) 



1. The Commissioner is hereby authorized to: 

| | Charge the indicated fees to the below 
mentioned deposit account 

| X | Charge any additional fee required under 37 
CFR 1 16 and 1 17 or credit any over 
payments 

to the below mentioned deposit account. T 



3. ADDITIONAL FEES 

Large Entity Small Entity 
Fee Code/Fee Fee Code/Fee 



105/S130 
127/S50 



205/$65 
227/$25 



Fee Descnption 

Surcharge - late filing fee or oath 

Surcharge-late provisional filing fee or cover 
sheet 



Fee Due 



□ 



Charge the Issue Fee set in 37 CFR 1 .18 at 
the 

Mailing of the Notice of Allowance, 

37 CFR 1 31 1 (b) to the below mentioned 

deposit account 



147/$2,520 147/$2,520 For filing a request for reexamination 



Deposit Account Number: 19-2555 

Deposit Account Name: FENWICK & WEST LLP 

A Duplicate Copy of this authorization is attached 

2. |~X~1 Payment Enclosed: 

[ X ] Check [ ] Other 



115/$110 
116/$400 
1 1 7/$950 
118/$1,510 
128/S2.060 
1 19/3310 



215/S55 
216/$200 
217/$475 
218/$755 
228/$1,030 
219/S155 



FEE CALCULATION (fees effective 10/01/97) 



141/S1.320 241/S660 



1. FILING FEE 

Large Entity Small Entity 
Fee Code/Fee Fee Code/Fee 

101/$790 201/$395 



Fee 
Descnption 



Fee 
Due 



Utility Filing | 790. 



106/$330 
108/$790 
114/$150 



206/$165 
2084395 
214/$75 
SUBTOTAL (1) 



Design 
Filing 

Reissue 
Filing 



Provisional 
Filing 



($)790.00 



2. CLAIMS 

Large Entity 
Fee Code/Fee 

103/S22 
102/S82 

104/$270 



gmall Entity 

Fee Code/Fee Fee Descnption 
203/S11 Claims in excess of 20 

202/S41 Independent claims 
in excess of 3 

204/$135 Multiple dependent claim 



142/$1,320 
143/S450 
122/S130 

123/$50 
126/5240 
581/S40 

146/S790 
149/$790 



242/$660 
243/$225 
122/$130 

123/$50 
126/S240 
581/$40 

246/$395 
249/S395 



Extension for response within first month T 
Extension for response within second month T 
Extension for response within third month 1 
Extension for response within fourth month 1 
Extension for response within fifth month 1 
Notice of Appeal 

Petition to revive unintentionally abandoned 
application 

Utility Issue Fee {Or Reissue) 

Design Issue Fee 

Petitions to the Commissioner 

Petitions related to provisional applications 

Submission of Information Disclosure Statement 

Recording each patent assignment per property 
(times number of properties) 

Filing a submission after final rejection 
{37 CFR 1 129(a)) 

For each additional invention to be examined 
(37 CFR 1 129(b)) 



Other fee (specify) 
Other fee (specify) 



SUBTOTAL (3) ($)0 



109/$82 


209/$41 


Reissue independent 




(Col 1) 




(Col 2) 




(Col 3) 








claims over original 




No. of 




Highest No. 












Fee 


110/$22 


210/$11 


patent 

Reissue claims in excess 


For 


Existing 
Claims 




Previously 
Paid For 




Extra** 




Fee 




Due 


of 20 and over original 


TOTAL 


21 


minus" 


20 or 




1 


X 


22 




22. 






patent 


INDEP 


5 


minus* 


3 or 




2 


X 


82 




164. 








[ ] First presentation of multiple dependent claim 









//Subtract the greater number of Col 2 SUBTOTAL (2) | ($)186.00 

//** If the difference between Col 1 and Col 2 is less than zero, then enter "0" in Col 3 



SUBMITTED BY 



Typed or Pnnted Name Sawjay^Prasa/f/ 



Signature 



4^ 



Request for Extension of Time peY37 CFR ff.136 (a)(3) made hereby 



Complete (if applicable) 



Reg Number 



Date 



36,247 



May 22, 1998 



Rev. 05/22/98 



-1- 

imflQgggmrrg m imiMaiQvua sun caagrorfi 

The present Invention relates to intrinsically safe circuits 
and, more specifically, though not exclusively/ to improved 
5 methods of controlling power dissipation and voltage levels in 
intrinsically safe circuits - 

Electrical or electronic apparatus tor use in hazardous 
environment & auch as theme in which the apparatus will or may 
10 be exposed to potentially explosive atmospheres, for example 
containing inflammable gases, must be designed so as to 
minimise the risk of an explosion occurring. A circuit or 
apparatus so designed is often referred to as an 

tt intvint;ioally ba£« oiveuib" . Thft erifc«ri» By which an 

IS intrinsically safa circuit is defined are, at least in the UK, 
contained in various European Standards (having the status of 
British standards) and in particular In British Standards EN 

50014 and EN50Q2Q. 

20 To date, intrinsic safety has generally been achieved in 
apparatus by designing the apparatus such that the total 
energy storage capacity and maximum power dissipation level in 
the apparatus are lower than the levels specified in the 
relevant etandardo. Jtl tentatively, large areas o£ tho 

25 apparatus are completely enclosed or encapsulated in 

insulating material* The former method has the disadvantage of 
placing severe restraints on the circuit design for the 
apparatus, making the design of complex circuits which are 
intrinsically safe very difficult, while the latter method is 

30 awkward, often resulting in bulfcy, heavy units (e.g. 2 Bibs for 
a "portable- data collector circuit) containing electrical 
and/or electronic circuitry which can be difficult, i£ not 
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impossible, to dismantle or analyse in the *vent ©£ failure or 
when maintenance is required. 

it is an object of the present invention to avoid or minimise 
5 one or more of the £ ore going disadvantages. 

According to a first aspect of the invention we provide an 
intrinsically safe circuit ror use in a hazardoua environment , 
th» circuit comprising; a plurality o£ circuit sectors Which 
10 are substantially isolated physically from one another by 
electrical insulating means, and are electrically connected, 
directly or indirectly, so as to define at least one power 
transfer path between each said circuit sector and at leant 

ono otbev aaid aivaui^ ddffbar; And power limifcinQ meaXXS 

15 provided in the or each said power transfer path between at 
least, two said connected circuit sectors for limiting the 
maximum power transfer value therebetween to a value less tnan 
a predetermined threshold value at which combustion in said 

bavardaua environment ±b initiated - 

20 

A circuit sector may be a colleotion of electrical components 
arranged in a functional block e.g. a digital signal processor 
(DSF) , cache memory, central proceeding unit [CPU) . 
Alternatively a. circuit sector may comprise a a ingle circuit 

25 element, for example a high value capacitor or inductor. 

Alternatively, a circuit sector may comprise a collection of 
circuit arrangements to which a plurality of voltages are 
supplied e.g. a liquid crystal display (LCD) having +5V drive 
voltage and -lav bias voltage applied thereto. It will be 

30 appreciated though that all the circuit sectors, taJcen 
together, define a single intrinsically safe circuit. 
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A power transfer path is herein defined as aa electrical path 
via which current may be transferred from one circuit sector 
to another circuit sector, without passing through any other 
circuit oeetor, Two circuit sectors which are linked by auch a 
5 power transfer path are herein referred to a* ^adjacent" 

circuit sectors. For example, where a power transfer path 
exists between two circuit sectors, if one circuit sector 
short circuits then stored charged therein may discbarge 
directly onto the other circuit sector via the power transfer 
10 path therebetween. 

Preferably, the circuit includes power limiting means provided, 
in each said power transfer path between circuit sectors for 
limiting the maximum power transfer values between adjacent 
IS eirouit sectors to values leas Chan a predetermined threshold 
value at which combust ion in said hazardous environment is 
initiated* 

Bach circuit sector will have its own maximum power 
20 dissipation value which is the maximum power in the circuit 
sector in normal operation thereof. If a short circuit were to 
occur in one of the circuit sectors, any other circuit aectoro 
electrically connected thereto via a power trans far path 
therebetween could than transfer power to the short ~ Circuited 

25 circuit sector, the maximum power dissipation which could be 
transferred from any circuit sector being the maximum power 
dissipation value of that circuit sector. The maximum power 
which could be applied to any given circuit sector at any 
given time will thus be the circuit sector's own maximum power 

30 dissipation value plus the sum of the maximum power 

dissipation values of all other circuit sectors connected 
thereto via one or mare power transfer paths (i.e. all other 
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adjacent sectors) . The ^maximum power transfer value" between 
two adjacent circuit sectors is defined herein aa the sum at 
the maximum power dissipation values of each of the two 
circuit sectors. 

S 

The electrical isolating means physically separating the 
circuit sectors may, for example, he air, an encapsulating 
material, a solid material, or a combination or mixture of 
thttoe For example, a resin and air mixture may be poured 

10 onto the components of one or more of the circuit sectors so 
as to encapsulate that circuit sector or those circuit 
sectors- Alternatively, or additionally, one or more of the 
circuit sectors may be covered in a prefabricated sleeve or 
cover of insulating material formed by, for example, extrusion 

IS or moulding. 

The power limiting means preferably comprises one or more 
current limiting elements, preferably in the form of resistor 
mean*. At least one our rent -limiting resistor may be provided 
20 in each said power transfer path in the intrinsically safe 
circuit, said resistors being provided in series with the 
circuit sectors . 

Alternatively, the power limiting means may comprise one or 
25 more "Underwriters -Labs approved" opto -coupler devices (also 
sometimes referred to as opto -Isolators) , or one or more 
transformers or capacitors, although transformers and 
capacitors are generally less preferred since these are 
themselves energy storing devices. 

The intrinsically safs circuit may further include power 
supply means far connection to at least one of said power 



transfer paths ao as to .supply power to at leaot two adjacent 
ones o£ said circuit sectors. Where tnia la the cose, we way 
provide at leaat one power limiting means. Cor example a 
resistor, in tna electrical path defined betwen the power 

5 supply means and each said circuit sector powered thereby. 
Preferably, the circuit further includes fuse meana in the 
electrical path between said power supply means and each enid 
circuit sector supplied thereby, and at least one reeistor is 
provides la seiies wifcK oaid £use means, between the fuse 

10 meana and the reepective circuit aector. 

According to a eecond aspect of the present invention we 
provide a method of limiting power transfer in an 
intrinsically oiwouifc «a* ua» in * hazardous "environment , 

»s eompriaino providing a plurality of circuit sectors wnich a« 
Bunstantially isolated physically from one another by 
electrical insulating means, electrically connecting said 
circuit sectors, directly or indirectly, oo as to define at 
; MB t one power trane^er p»tW between each said circuit sector 

20 and at least one other said circuit sector; supplying power to 
each acid sector, directly or indirectly; and providing power 
limiting meana in the or each said power transfer path between 
at leaat two said connected, circuit aactore bo as to limit the 
maximum power transfer value therebetwasn to less than a 

25 predetermined threshold value at which combustion in said 
hazardoue environment is initiated. 

Preferably, we provide powor limiting means in eaclx said power 
transfer patb bo as to limit the maximum power transfer values 
30 between adjacent circuit sectors to values less than a 
predetermined threshold value at which combustion in said 
hazardous environment is initiated. 
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Aoeording to a third aspect of the invention we provide on 
intrinsically aafe circuit for use in a hazardous environment, 
che circuit comprising; a plurality o£ circuit »ecfeftrB which 
S are substantially isolated physically from one another by 
electrical insulating means i the circuit sectors being 
electrically connected, directly or Indirectly, so as to 
define at least one power tranBfer path between each eaid 
circuit sector and at least one other said circuit sector, and 

10 wherein at leaat two said circuit sectors having at least one 
power transfer path defined therebetween have different 
sparking voltages; and voltage clamping means associated with 
each said power transfer path between two said circuit oeetoye 
Having di££«r6nt a par icing voltages, for reducing the maximum 

IS voltage which may be applied by one of said two circuit 
oectora to the other of said two circuit eectora. 

This allows che maximum voltage drop over at leant one of the 
airouit aaatere to be assessed at a lower value than would 

20 otherwise be necessary. This in turn allows this circuit 
aeotor to be designed with a higher capacitance than would 
otherwise be possible if the maximum power transfer value 
between the two connected circuit sectors is to be set at leas 
than a predetermined value at which combustion in said 

25 hazardous environment Is initiated. 

For the avoidance of doubt the "sparking voltage" of a circuit 
aector is defined as the difference (In magnitude) between the 
maximum positive voltage and maximum negative voltage that can 
30 he present in a circuit aector at any given time. The sparking 
voltage can be determined by voltages generated within a 
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circuit sector and/or by voltages from outside a circuit 
sector and which have been connected to the circuit sector - 

Tbe voltage clamping means may comprise diode means, for 
5 example one or more zener diodes. For example, where two 
adjacent circuit sectors having different sparking voltages 
have a single power transfer path therebetween, one ox more 
zener diodes may be incorporated in said power transfer path, 
conveniently connected across at least one set of voltage 
10 rails via which a voltage signal is transferred between said 
two adjacent circuit sectors, so as to clamp the voltage in 
said power transfer path between the two adjacent circuit 
sectors at a set level. 

15 Where there are two adjacent circuit sectors having different 
sparking voltages, and both sparking voltages are of the same 
polarity (i.e. positive or negative) with respect to each 
other, voltage clamping means preferably in the form of one or 
more aener diodes may be provided for clamping the voltage in 

20 the power transfer path therebetween at a level (with respect 
to a common ground) which is less than the higher of the two 
circuit sector sparking voltages. Where there are two adjacent 
circuit sectors having different sparking voltages which are 
at opposite polarity (i.e. one positive, one negative), 

25 voltage clamping means preferably in the form of one or more 
diodes may be provided for clamping the voltage in the power 
transfer path therebetween at a level (with respect to a 
common ground] which is between the two circuit sector 
sparking voltages . 

30 

According to a fourth aspect of tbe invention we provide an 
method of controlling voltages in an intrinsically safe 
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aircuit for use in a hasdrdoua eavironment f comprising; 
providing a plurality of circuit sectors which aw 
substantially isolated physically from one another by 
electrical insulating means; electrically connecting the 
5 circuit aectora, directly or indirectly, so as to define at 
leaat one power transfer path between each said circuit sector 
and at least one other said circuit sector; supplying power to 
each said sector, directly or indirectly, so that at least two 
said circuit aectora having at least one power transfer path 
10 defined therebetween are provided with different sparking 

voltages; and providing voltage clamping means associated with 
each said power transfer path between two said circuit sectors 
having different sparking voltages, for reducing the maximum 
voltaae which may be applied by one of said two circuit 
IS sectors to the other of said two circuit sectors. 

It will be appreciated that the intrinsically safe circuit of 
the invention may include both power limiting means and 
voltaoe clamping means as above -de scribed in order to both 
20 limit power transfer and control voltages in the circuit. 
Thus, in accordance with a fifth aspect of the invention, we 
provide an intrinsically aafe circuit for use in a hazardous 
environment, the circuit comprising: a plurality of circuit 
sectors which are substantially isolated physically from one 
25 another by electrical insulating means, and are electrically 
connected, directly or indirectly, eo as to define at least 
one power transfer path between each said circuit sector and 
at least one other said circuit sector, and whersin at leaat 
two aaid circuit sectors having at least one power transfer 
30 path defined therebetween have different sparking voltages; 
power limiting means disposed in the or each said power 
brana£ar path between at leant two said connected circuit 
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sectors for limiting the maximum power tranafer value 
therebetween to a value leea than a predetermined threshold 
value at which combustion in said hazardous environment is 
initiated; and voltage clamping means associated with each 
S said power transfer path between two said circuit sectors 
having different sparfcing voltages, for reducing the maximum 
voltage which may be applied by one of said two circuit 
sectors co the otner of said two circuit sectors . 

10 in the above -de scribed intrinsically safe circuits, 

advantageously there is used a limited number of connecting 
wires between each two adjacent circuit sectors. prefer only, 
the number of connecting wires is limited to four or less 
bfttween at least one or more pairs of adjacent circuit 

IS sectors. 

According to another aspect of the invention we provide a 
pcroonal computer (PC) incorporating an intrinsically safe 
aircuit according to any of tha afore-deaeribed first, third 
20 and fifth aspects of the invention. 

According to yet another aspect of tne invention we provide a 
data collector oircuit consisting of an intrinsically safe 
circuit according to any o£ the afore-mentioned first, third 
25 and fiftb aspects of the invention. 

preferred embodiments of the invention will now be described 
by way of example only and with reference to the accompanying 
drawings in which: 
30 Pig.l is a schematic diagram of a circuit including two 
circuit sectors; 
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Pig.2 ia a schematic diagram of an intrinsically safe circuit 
including two circuit sectors; 

Fig, 3 ia a schematic diagram of another intrinsically safe 
circuit incorporating two circuit aeetorB; 

S Fig. 4 is a schematic diagram of another intrinsically aafe 
circuit incorporating throe circuit sectors; 
Fig. 5 ia a detailed schematic of a resistive barrier used in 
the circuit of Fig. 4; 

Fig.fi ia a detailed aehematie o* a voltage clamping barrier 
10 used in the circuit of Fig.4; 

Fig-7 is a modified version of Fig. 6; 
Fig.B is an alternative modified version of Fig -6; ana 
Fig ,9 is a schematic view of another intrinsically sate 
circuit incorporating at least five circuit sectors- 

15 

Tabic A2 of British standard 8WSQ020, appearing at page 50 
thereof, defines the maximum capacitance that is allowed for a 
given voltage and gas group. This is the maximum capacitance 
which can ba safely present in an intrinsically safe circuit 
20 to whieh this voltage ia applied, if combustion of the gae ie 
to be avoided. For example, taken from Table A2, at 6V and in 
hydrogen gas (gas group lie in Table A2) , a maximum 
capacitance of 40^F ie allowed in the intrinsically safe 
circuit when designing the circuit for situations in which the 
25 gas will always be present. The need to avoid exceeding the 
maximum allowed capacitance when designing intrinsically aafe 
circuits is a significant limitation. 

Fig.i shows a oin^le eixouit incorporating two circuit sectors 
30 1,2. In this embodiment, one sector i (hereinafter referred to 
as sectori) ia a central processing unit (CPU) of a computer 
system and the other aector 2 (hereinafter referred to as 



Sector) is an analogue sector incorporating a plurality of 
electrical components, some of which may, Cor example, bo 
capacitors, inductors, resistors, or other components . The two 
Hectors 1,2 are connected to a common fiV voltage supply Vin. 

5 and a respective fuae Fi,F2 ia diapoeed in each path between 
the voltage supply and each sector, for limiting the power 
allowed into each sector 1,2. The input voltage vin ia 
supplied across an input resistance Kin, aa shown. A voltage 
of 6V is thus supplied to each sector 1,2. All the individual 

10 capacitances present in each sector add together to give a 
total capacitance o£ Ci in fieetorl and C2 in Secfcor2. A power 
transfer path Pi exists between the two sectors. That is to 
aay, if, for example, a short circuit were to occur in Seetorl 
that Aiweiuaraea the total capacitance CI therein, there is 

15 nothing to atop current flowing from sectar2, via the transfer 
path PI defined therebetween (containing the fuses Fl and ¥2) , 
to Sect on to add to the short circuit current therein. Thus, 
in order to meet the specified capacitance limitations in the 
afore -mentioned standard BH50020> the sum of the capacitances 

20 ci.ca of the two sectors must be less than the value stated in 
tatole Aa i.e. for a GV supply, must be leas than 40nF. This 
considerably reduces the amount of capacitance available for 
each sector, when these sectors are being designed. 

25 Fia,2 shows a modified version of the circuit of Pig.l in 
which resistive barriers have been employed. In this circuit, 
two resistors ttl,R2 have heen included, in aeries with the 
fuoes n ( ^2 ( one resistor Ri being disposed between Seetorl 
and ifce respective fuse Fl, and the otner resistor m between 

30 sector2 and its respective fuae F2. These resistors limit the 
current flow from Seetorl to sec tort under short circuit 
conditions end thus the capacitance* CI and C2 of the two 
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sectora 1|2 need not be added together when calculating the 
maximum capacitance in the circuit. The resistances »i and »a 
are choaen to be of a size sufficient to entirely dissipate 
current flow from Sectorl to Sectora # or vice versa, in short 

5 circuit conditions. This size ia determined by trie capacitance 
and spar King voltage of each sector and in accordance with 
Ohm's law. in the described embodiment , the required 
resistances SI and R2 would thus he : *l = v Dpar ^/a ( 
M = v OJI . irk ^ (| yc2 < where v^ fcrtclIia ie the same for both sector 1 and 

10 sector 2. (See later for full description of sparking 
voltages) . 

in the arrangement of »ig. 2, the input resistance Bin must 
axeo bo i»^g» enough to dissipate the maximum allowed current 

15 i£ we assume the junction between Hin and pi and fz is not 
infallible i.e. it may become shorted to ground (e.g. at point 
A) during a fault. For example let ua assume via =e volte 
and we arc designing for lie operation, that ia an area that 
hao eonfc invito possibility of the presence of hazardous gaa and 

20 the gaaes present are typified by hydrogen. Prom table A2 of 
British standard SVS0020 we can derive that the maximum 
capacitance allowed ia 40 |iF and from table ia of the same 
standard tbe maximum Csparfcing) current allowed is 3-33 A. 
Thus Vin/Rin must be less than 3.33 A- 

2S 

Bin £ 6/3.33 i.e. Rin £1-9 Ohms 

However the spark caused by shorting junction point A would 
also have energy transferred from tne eiApaeitivt energy stored 
30 in sector l and/or sector 2 if a respective power limiting 
resistor ai. R2 were not present between the voltage input Via 
and Sector 1 and/or sector Z- For exat^pie, if only one 
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resistor were used in the power t^Bflfor path between sectors 
1 and 2, Rin would need to be calculated based on the maximum 
allowable current (3.33A) arieing *rom both the voltage input 
vln and the capacitive energy stored in that Sector 1, 2 which 
5 is linked directly to the input resistor Rin via only a Suae 
Fi i Fa- 
it will be appreciated that instead of resistors, other 
current limiting means eould be employed e.g. opt o- coupler a, 
10 in order to prevent currant flow from one sector to the other 
in short circuit conditions. Moreover, more than two current- 
limiting reaietoro may be employed in the power transfer path 
PI or, alternatively, a single current limiting resistor could 
b* employed as lono as a suitable value or values of 
15 reoietance is/are ohoeen in order co dissipate the maximum 
power transfer value between Sector 1 and Sector 2- 

it will also be appreciated that this principle of current 
limiting may be employed in any circuit incorporating a number 
20 of circuit sectors, each sector being connected to at least 
one other sector (hereinafter called an "adjacent sector") by 
at least one power transfer path, and the sectors being 
connected oo that all the sectors are connected together, some 
sectors being connected together directly (via a power 
25 transfer path) and othcro being connected indirectly (via 
other sectors) . One or more current limiting means, for 
example resistors, will generally be employed between e*ien two 
add acent sectors . 



30 Turning to a different aspect of the present invention, each 
circuit sector will have what is Known as a Sparking" 
voltage. This is the difference (in magnitude) between the 
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highest voltage and the lowest voltage in a circuit fl«etar. 
All voltages are me a sure a with respect to a common reference 
voltage, audi aa ground. For example, if a sector baa a +5 
vole supply and a -3 Volt supply, then it ia assessed at 
5 sparking voltage of B Volts. The sparking voltage is used 
wneu looking up table A2 of the BN5002 0 British standard to 
calculate maximum capacitances allowed for an intrinsically 
safe circuit - 

10 Normally, a circuit sector's sparking voltage ia assessed at 
the voltage of the power supply which ia powering it. However, 
there are two cases where the sparking voltage will ne nigfcer 
than the supply voltage from the power supply powering it: 
i> if the sector is connected externally to another voltage 

IS that ia higher than the supply voltage, or of a different 
polarity to the supply voltage? and 

2] If the sector contains devices or eoinponenta that generate 
voltage d higher them the aupply voltage or which invert the 
polarity of the supply voltage. 
20 In either of these two cases the sparking voltage must be 
assessed at an increased value (greater magnitude) , and this 
reduces the maximum capacitance which ia allowed to no 
incorporated in the sector in order to meet the Table A2 
requirements of the BW50030 standard. 

in the example circuit of Fig.l, sectorl may be assessed at a 
sparking voltage cijual to the aupply voltage, via i.e. 
Vaparkingi = vin = 6V. However, if a further voltage of 9V, 
£or example, is supplied to a device in sectox2 , Sectors must 
30 be assessed at a sparking voltage of Vaparking2 = 9V. Because 
Sectorl is connected to sector2 via power transfer path Pi, 
containing fuses pi and *2 , the maximum voltage Whlon could be 
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applied to sectorl ia therefore the Higher eparking voltage of 
Sector2, namely 9V. THIS reduces the allowed eapaaitanc* C% 
which can be used in Sectorl if the circuit as a whole is 
still to meet the requirements of an intrinsically eafe 
5 circuit (aa aet out in Table A3 of BH50020) • 

Pig, 3 illustrates another modified version of cue aircuit of 
Fig.i. In Pig. 3 voltage clamping meana in the form of two 
Zener diodes Z1,Z2 are used to clamp the voltage from 3 act or 2 

10 at the rated voltage of the Zener diodes, ao aa to limit the 
voltage which can he imposed on Sectorl. By choosing zener 
diodes rated at voltages lower than the sparKing voltage of 
Sector2 this enables a higher capacitance CI to be used in 
Sftetori than would be possible if Sectorl had to be assessed 

15 with a voltage of Vaparkiugz * 9V. The use of Zener diode 
clamps in this manner will be described in further detail with 
reference to the following examples* 

iTsmnlfi 1 

20 sector l has a maximum positive voltage of +6 Volts, 
sector 2 has a maximum positive voltage of 424 volte- 
Neither sector has a negative supply. 

This example is typical of a digital section connected to 4-20 
mA loop. 

25 without the zener diodes, sectorl would have to be aaoeseed at 
24 volte. If each zener has a voltage rating of between 24 
volte and 6 volts then sectorl would be assessed at the zener 
voltage, if the zensr was lower than fi volts than sector l 
would be deceased at 6 volta. It would be normal practice to 

30 use genera that are slightly lower than sectorl' s voltage, 
such as 5.6 volt zener b. 
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The 2ener c lamps any signal* along the signal line from 
aector2 (to Seetorll to the raced voltage of the zener, hence 
voltages of higher than the zener voltage cannot enter sectorl 
from sector2 ♦ 

5 

astasia a 

Sectorl hae a maximum positive voltage of -rfi Volts but no 
negative voltage rails. 

sector2 haa a maximum positive voltage of +24 Volta with 
10 respect to a common reference and haa a -S volt rail. 
This ia typical of a digital sector connected to analogue 
circuitry, that ia in euro connected to a 4-2o mA loop. 
Without the zener diodes, sectorl would have to be assessed at 
29 volts (24 +5 volts) - Again if the zener haa a voltage 
IS rating of between 24 volta and 6 volts then sectorl would be 
assessed at the aenar voltage plus the reverse voltage of the 
aener diode (say 1 volt) - if the zener was lower than 6 volts 
then sector 1 would he assessed at 6 volta. Again it would be 
normal practice to use zener a that are slightly lower than 
20 sectorl 'a voltage, such as S.fi volt zeners . 

ttupio a 

Sectorl has a maximum positive voltage of +6 VoltB but no 
negative voltage rails. 
25 Sector2 haa a maximum positive voicage of +5 Volts with 
respect to a common reference and has a -5 volt rail. 
Thie is typical of a digital sector connected to analogue 
circuitry. 

in this example there is no need to clamp voltages higher than 
30 Sectorl' 0 voltage. The requirement is to clamp the negative 
voltage. Thus it will be appreciated that the zeners could be 
replaced by a diode voltage clamp. 



-17- 

It will again Be appreciated that this principle of voltage 
clawping is applicable to any intrinsically safe circuit 
incorporating a plurality of circuit sectors. By applying 
5 voltage clamping to any input/output power lines of any given 
sector i that sector's voltage nay be clamped to a limited 
value. Voltage clamping could toe applied to every sector in 
the circuit, or to only one or come o£ the aectore, as 
ndcdsdary (depending on the sparking voltages of each aector) * 

10 

Xt will he appreciated that two zener diodes are used in the 
embodiment of Pig, 3 in order to trwet a -one-fault- safety 
condition. If a w two-£ault" condition were to be met, three 
zener diodes would need to be used. 

15 

Xt will be appreciated that the techniques of current limiting 
and voltage clamping can be used togetner in an infcrinoio*xiy 
safe circuit. Fig. 3 illustrates this principle by including a 
current limiting resistor B2 in the power transfer path Pi. 
20 This resistor R2 is connected in series with Sector2, between 
sec tor 2 and the respective fuse 72 . 

Fig. 4 illuscrates a more complex circuit employing both power 
limiting (namely current limiting) in the form of resistive 

25 barriers, and voltage clamping barriers. This circuit performs 
the function of a microprocessor based system. The circuit 
comprises a power supply 10 with a SVolfc output, and three 
sector* 17,18,19, these being an analogue circuit sector 3, 
CPU sector IB, and dsp sector 19. Tho sectors are all 

30 substantially isolated from one another by air. Each sector is 
connected to the power supply 10 which functions as a common 
supply for all three sectors, the sectore being connected such 
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tbat power transfer paths ex lot between eaeb Bsecor and each 
of the other two Hectare. Moreover, the analogue sector 17 la 
connected via several power transfer paths to the cpu sector 
xb, an* the cs»u sector 18 is connected via several power 
5 transfer patha to the DSP sector is. The cpu and PQP sectors 
IB, 19 each have a single voltage rail supplying SVOltS thereto 
from the power supply lo The analogue sector i? baa » voltage 
rail supplying 5V thereto from the power supply 10, as well as 
internal voltage rails supplying +80V and -5V in the sector. 

10 

A. resistive harrier ia ia included between the CPU sector IB 
and the power supply 10, ana anotner i« netween cu* osp e.efce* 
and the power aupply 10. Further resistive barriero 16 (shown 
as one block) are included directly between the CPU sector and 
15 DBF sector in each power tranafer path therebetween- A voltage 
clamping barrier la included between the analogue sector 17 
and the power supply. This voltage clomping barrio*- ■tope the 
sparking voltage of the analogue sector 17 being iwpoeed on 
either the CPU Sector 16 or the DSP sector 19 via the analogue 
20 ueotor'e connection to the power supply. Two further voltage 
clamping barriers are also employed to two input/output lines 
a 1,22 from the analogue soeter which connect fchie nector, 
directly or indirectly, to other circuit sectors (not shown) . 
External voltage signals couia potentially be applied to the 
25 Analogue Sector 17 via these two signal lines 21.22 and the 
voltage clamping barriers 20 (shown as one bioejc) prevent 
thin. Further voltage clamping barriers 15 {shown as one 
block) are provided in each further power transfer path 
between the analogue aeotor 17 and the CPU sector is for 
30 preventing the sparking voltage of the analogue sector neing 
applied to the CPU nector (in a fault condition) - 
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The resistive barriers reduce the amount, of energy than eon 
flow between the CPU ami DSP sectors under short circuit/fault 
conditions in oibher of tbo two aectora. The voltage clamping 
barriers 12,15 between the Analogue Sector 17 and the CPU 
S sector 19 in Che power transfer path to the DSP sector 19 in 
fact alao incorporate current limiting resistors of the type 
wbicb will be described here inbe low, which reslster» limit 
power transfer from the Analogue sector to the CPU Sector or 
DSP Sector under short circuit conditioner 

10 

Fig. 5 illustrates three resistive barriers R1,R2,R3 in three 
power transfer paths 30,3^,3 2 between a first »«ot©sr, Scctorl, 
and a second sector r Seetor2 which resistors limit current 
flow therebetween via theae transfer paths. The resistive 
IS barriers provided in the circuit of Fig. 4 are of this type. In 
Fig. 5, three connecting lines between the two sectors are 

Oliown f these being a signal line Vaig, a atatue Vata And 

a control line vcon. If there are other connecting lines 
between the two sectors, these will also contain uimilar 
20 resistive barriers. 

Tnter flee tor Sewer Transfer 

A resistive barrier is used wb«re the voltages in the two 

connected sectors are the same or it is acceptable to have 

both sectors assessed with the same sparking voltages . If 
25 this is not the case then a voltage clamping barrier is used, 

although current limiting resistors will normally also be 

incorporated in the voltage clamping Barrier* 

To calculate power transfer all the resistors are taken to be 

in parallel. Hence in Fig. 5; 
30 Hoquiwi™* = R1//R2//R3. 
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Tbe maximum possible power tranafarencs is calculated using 
the maximum power transference theorem- Henes the maximum 
power transference from oentorl to aector2 would be 
Maximum power transference = (V power /2) 3 /*aquiwi«it 
S where V pcroor io the maximum voltage which ia aaaeaeed to be 
potentially present in sectori- 

If the voltage (V^^) that aectori and sectors are 
respectively assessed at for ouch power calculations are the 
same, then the maximum power transference from aector2 to 
10 eectori would he the same. If the voltages are different then 
sector 2' a voltage should be substituted into the equation 
above. 

normally the signal lines can operate with relatively high 
IS values of aeriea resistance, without signal degradation. 
Typically the resistors can be l kohra or higher and the 
voltages involved are low, typically 6 volts. Thus the 
maximum power transference with three lines would be : 

20 (6/2) a / llk//lk//lk)=27 mW. 

This is the maximum power which could be transferred from one 
sector to the other, in the event of abort circuit (a) 
occurring. This is insignificant compared with the 1,3 Watts 
25 that may be available in a sector - 

If opto- couplers are used instead of resistors as the power 
limiting elements in the power transfer paths, then the power 
transfer between sectors would be zero. 

30 

Fig, 6 illustrates three voltage clamping barriers 15 in three 
power transfer paths 33,31,35 between a first sector, aectori, 
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and a second sector, sectora . The clamping barriers used in 
the circuit: of Fig. 4 are of chid type. In the Pig. 6 
arrangement, a ° one -fault" condition is applied, bo two zeners 
need to be provided in each case where one zener ia needed 

5 (i.e. if one zener fails, another ia chore as a back.-up) . 
sector! has a maximum positive voltage of +6 volte but no 
negative voltage raila. sectors has a maximum poaitivc voltage 
of +6 Volts with rsapect to a common reference and hae a -20 
volt rail. This ie typical of a digital sector connected to an 

10 LCD. 

Without the zener diodea, sector 1 would have to be assessed at 

26 volts (20 + 6 Volts) . again with the sener diodea in place 
voltages greater than the saturated voltage of one diode 
{where both diodes have the same voltage rating) cannot be 
15 transferred to sector!. Hence aeefcorl is assessed at 6 volts 
+1 volt (saturation voltage of a zener diode) * 

later Sector Pwir Iran star 

The maximum power transferable between aectori and 2 in Fig. 6 
20 is calculated as the lower of two cases: 

The first case is where the zener diodes are ignored P thia 
gives : 

R*Qniv*i«nt= (Rlt-aia) // (R2+R2a) // (R3+R3a) - 

IS Maximum power transference = a /R OTU iTOi«at 

(where V powr ia is the maximum voltage which is assessed to be 
potentially present in Sector 1) for power transference 
between aectori and ssctor2. 

30 

The occond case is where the sener diodes are taken into 
account. It is assumed that all the seners are the same 



-22- 

voltage. lit the zeners are of different voltages tnen power 
calculations must be done for each signal line and then the 
individual power transfers added tngetner) . Thua» 

5 R n<Jtt i™i.» e =»la//!iaa//R3a. 

Maximum power transference » {z w3 , tt ^ h /2) z /^q a uni.»a,t 
where z^„, fcw is the voltage rating of the largest Zener diode. 

10 

If required, a resiator can be added between any of the zener 
diode pairB in the voltage barrier arrangement o£ rig. a. 
Thia allowo automatic teat equipment to individually tept the 
correct rafcinq of the active components. Pig- f illustrates 
15 auch an arrangement, wnere a reepeotive extra resistor 

&lb,R2b,R3b have been added between the two zener diodes in 
each of the three power transfer paths. 
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20 Figure 8 shows a variant of the voltage clamping barrier 
arrangement of Pig. 6- Here only one resistor is present in 
each power transfer path. This circuit haa a mutter at 
disadvantages as compared with circuit 3. The zenar diodes 
need to be rated high enough to handle safely cue Cull 

25 dissipation available in sector^ . In Fig. 6 the zenere' 

dissipation is limited by the series resistance. Normally tne 
eignal lines can operate with relatively nigh values or aerlea 
resiatanee, without aignal degradation. Typically the 
resistors are i left and the voltages involved are law. say 6 

30 volta. Tnua the maximum power dissipation of the zeners would 
be maximum power transference: 

(6/2) a / (1)C//1)C) «iB mw. 



-23- 

Thia is low compared with the 1 Watt that may be available in 
a sector. 

(HB Safety factors, tolerances and ambient temperatures need 
to be applied to these figures.) 

S 

There Is one main advantage of the circuit of 9ig.fi. Zoner 
diodes nave a significant equivalent capacitance in parallel 
(this capacitance ia indicated in broken lines in Pig. a), in 
the arrangement of Fig. 6, for example, thia can cause 
10 significant attenuation of signals transferring between the 
two sectors. Signals been driven from aeetora do not have 
this problem in the Fig. a arrangement. 

The three barriers of Fig. a may be transposed such that the 
IS resistors R1,R2 ( R3 are on the other side of the barriers . 
Alternatively, the arrangement may include one or some 
barriers with resistors on one side and the other barrier (s) 
with their resistor (s) on the other aide. 

20 Fig. 9 illustrates a further intrinsically safe circuit 

employing resistive barriers and voltage clamping barriers as 
described with reference to Figs. 5-b . Fig .9 is in face a 
data collector circuit. The data collector circuit includes a 
CPU Sector 30, an analogue sector 32, a digital signal 

25 processing (DSP) /IHDA seetor 34, and an LCD sector 36 

incorporating an hca display 36a. A TTC* RS 232 Connector 38 
is connected to the CPU Sector 30 via a voltage clamping 
barrier block 37 ( there being five signal lines, and thus five 
power transfer paths, between tbe cpu and TTIj Connector, a 

30 voltage clamping barrier similar to those shown in Fig. 6 

being provided in each power transfer path (and mounted on the 
block 3*7) . There are 25 connecting lines between the cpu 
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Sector 30 and the PBP/tBM. fleet or, which lines pass 
c&BrBbetwBea via a resistor barrier block as carrying 
resistive barriers similar co those shown in Pig- 5. one 
reaiative barrier far each power transfer path. Ho voltage 
5 clamping barriers are required between the CPU and DSP/IRC* 
Sectors because they have the same sparking voltage o£ +6 
volts. There are nine connecting lines between the era Sector 
30 and the fcCD Sector 3 6 which has power rails of Volte and 
-ai volta therein, while the CPU Sector has a 6 Volt supply 
10 only. Thus voltage clamping barriers are provided, in a 

voltage clamping harrier block 33, in eaeh power transfer path 
between the CPU sector and the uco sector 3fi. a fwfc*»* 
voltage clamping barrier block 31 is provided incorporating 
voltage damping barriers on each power transfer path between 
15 the analogue sector 33 and an XCP Input 40, an AC /DC Input 42, 
and a trigger supply input 44, all connected to the analogue 
sector 3a. The analogue sector az has poww =*ilo ofi +e voit« 
and -3.8 volts therein and eo a further voltage clamping 
barrier board 3 9 is provided between the analogue ecctor aa 
20 and the cpu sector 30 which incorporates a voltage clamping 
barrier for each of the tour power transfer paths 
therebetween • 

& curther important feature of the Hectored data collector 
25 circuit o£ Pig. 9 is that, where possible, a mimiraum number of 
connecting/ signal lines are used between sectoro. it will be 
appreciated that in order to provide cne necessary resistor 
barriers and voltage clamping barriers between sectors, each 
power transfer path between two sectors requires a number of 
30 electrical components to be disposed therein, Kaon or those 
components (e.g. diodes, acner diodes, resistors) must be 
physically isolated eo that Its integrity ia not compromised. 
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Tbia means that if, for example, a standard, PCMCIA card was 
used as one sector In the system, since such a card has fia 
wires for connection to other circuits/sectors, this would 
require two resistors with a large value (such as SBkft) and 
5 two zener diodes Cor each of these SB power transfer paths, if 
a voltage a lamping barrier were to be incorporated in each of 
the 6 a power transfer paths between the pckcxa sector and an 
adjacent circuit sector thereto. This would raoult in 
approximately 240 components needing to he accommodated 
10 between the two sectors and this is a virtually impossible 
physical apace requirement for the circuit designer to meet, 
it is thus desirable and advantageous to reduce tne number of 
connecting wires between sectors wherever possible v for 
swcsLwipie by the use of aerial i/o interfaces. Suitable such 
IS interfaces would be: 
a. 4 Wire connection 

These are synchronous connections. There tour wi^on 
typically, data in, data out, eloejt and a frame signal. 

B. a tflra Connection 

20 These are like four wire interfaces but they are only 
on© way: either they are read only or write only. 

C. 2 wire Connection 

Thecae are a number of different two wire protocols . They 
can be characterised into synchronous and asynchronous 
25 transfer typos. 

Asynchronous types are typified by SS232 transfer without 
hardware handshaking. 

Synchronous types are typified by Philip's I 3 C. Where 
control of the data and clocK linea are under software 
30 control, master elave relationship exists. 

D* Single Wire Connections 
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An example of a single wire system ia that of i-WMB bus 
system by Dallas Semiconductors. This usee a single bus 
master and on© or more slavoo. Writing to and reading 
from the single wire ia controlled by a standard protocol. 

5 

So, for example, i£ a eolour LCD display ia to incorporated in 
an intrinsically safe personal computer (PC) cirouic, lnscead 
of using a standard 16-18 wire interface between fch* LCD 
sector and adjacent sector (a) in a sectored circuit, according 

10 to our invention we would use, for example, a 4 -wire 
connection interface. This would limit the number of 
components required in tae necessary voltage olcnitping barrier* 
between the LCD Sector and adjacent sectors (only 4 clamping 
barriers being required in the 4 power transfer paths between 

15 tbe sectors) . 

in cne oata collector circuit o£ Fig. 9 it phouXd b« »ot«d 
that we have used a single 4 -wire interface between the 
analogue sector 32 and the cpu sector aa. it ie further 
20 envisaged that a sectored intrinsically safe circuit could be 
provided in which all adjacent sectors in tne circuit are 
connected by sour taver wires. 

It Will be appreciated that further isolation techniques can 
25 be employed in conjunction with the power limiting and voltage 
clamping techniques as above-described , when designing on 
intrinsically safe circuit. For example, traditional 
techniques of encapsulation and/or solid isolation coverings 

may be used in Qafi or some of tbe eiyouit eectoro . 
30 Encapsulation may, in particular, be used on the connecting 

wires between sector a . Such connector? could, for example , be 
encapsulated in silicone runner. 
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IC will moreover be appreciated that various other 
modifications CO the above-described embodiment* are possible 
without departing from the scope of the invention. In 

S particular, in some cases the intrinsically sate circuits of 
the invention way not be required to meet the British 
Standards BW5Q014 and 8V90Q2Q as afore -mentioned* hut; may need 
to be deeigned to meet intrinsically safe circuit standards 
set by other countries, for example USA Standards, Australian 

10 Standards etc. in aueh cases, the appropriate tables at th«a« 
standards would be used when calculating maximum capacitances, 
maximum allowable (flparxing) currencs etc.* in order to 
determine the required type and size of components for use in 
the resistor barriers and voltage clamping barriers. 
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x. An intrinsically safe circuit for use in a hasardous 
environment, the circuit comprising: a plurality of circuit 
sectors which are substantially isolated physically from one 

5 another by electrical insulating means, and are electrically 
connected, direotly or indirectly, ao as to define at least 
one power transfer path between each said circuit aaetor and 
at least one other aaid circuit sector; and power limiting 
meana provided in the or each said power transfer p« th between 

10 at least two said connected circuit sectors for limiting the 
maximum power transfer value therebetween to a value less than 
a predetermined threshold value at wbieta aombuetion in said 
hazardous environment is initiated. 

IS 2. An intrinsically safe cireuit according to claim 1, wherein 
the circuit includes power limiting means provided in each 
said power transfer pach between circuit Hectors for limiting 
the maximum power transfer values between adjacent cireuit 
sectors to values less than a predetermined threshold value at 

20 which combustion in said hazardous environment is initiated. 

3 . An intrinsically safe circuit according to claim x , wher«in 
said electrical isolating means physically separating the 
circuit sectors comprises air. 

25 

4. An intrinsically safe circuit according to claim 1, wherein 
aaid electrical isolating means physically oeparafcing the 
circuit sectors comprises an encapsulating material. 



30 5. An intrinsically safe circuit according to claim 1. wherein 
aaid power limiting means comprises at least one current 
limiting elements - 
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6. An intrinsically safe circuit according to claim S« wherein 
the or each said current limiting element comprise© resistor 
meana . 

5 

•7. An intrinsically safe circuit according to claim e, wherein 
at leant one current -limiting resistor is provide* in each 
said power transfer path in the intrinsically safe circuit, 
said reeietore being provided in series with the circuit 
10 sectors. 



a, An Intrinsically safe circuit acooirdiwgr to olaim X, wberei» 
said power limiting means preferably comprises at least one 
opto- coupler device. 

15 

9» An intrinsically safe circuit according to eiaim i, rurcner 
including power supply means for connection to Uapt aa« °* 
eaid power transfer paths so as to define an electrical path 
between the power supply means and each eaid circuit sector 
20 powered thereby, and wherein at least one power limiting means 
is provided in the electrical path between the power supply 
means ana each said circuit sector powered thereby. 

io. a method of limiting power transfer in an intrinsically 
2$ safe circuit for use in a hazardous environment, comprising 
providing a plurality oz circuit sectors which «re 
aubstantially isolated physically from one another by 
electrical insulating means, electrically connecting said 
circuit sectors, directly or indirectly, bq as to define at 
30 least one power trans ter path between each said circuit sector 
and at least one other said circuit sector; supplying power to 
each said sector, directly or indirectly; and providing power 



limiting means in the or each said power transfer path, between 
At le*»fc two aaid connected circuit sectors so as to limit the 
maximum power transfer value therebetween to lesa than a 
predetermined threshold value at which combust ion in said 
S hazardous environment is initiated. 

IX. A method according to claim 1Q # including providing power 
limiting means in »aoH aaid power transfer path so as to limit 
the maximum power transfer values between adjacent circuit 
10 sectors to values less than a predetermined threshold value at 
which combuation in said hazardous environment la initiated. 

12 . An intrinsically safe circuit for uae in a hazardous 
environment, the circuit comprising: a plurality of circuit 
X5 sectors which are jaubstantially isolated physically from one 
another by electrical insulating means, tne circuit sectors 

^cing electrically connected, 4i*reotly or- inairactly. ae to 

define at least one power transfer path between each aaid 
circuit sector and at least one other said circuit aeetor, Mid 

20 wherein at least two aaid circuit sectors having at least one 
power transfer path defined therebetween have different 
sparging voltages; and voltage clamping means associated with 
each said power transfer path between two said circuit sectors 
having different sparking voltages, for reducing the maximum 

2S voltage which may be applied by one of said two circuit 
sectors to Che other of said two circuit sectors. 

13. An intrinsically safe circuit according to claim 12, 
wherein said voltage clamping means comprises diode means. 

30 

14. An intrinoieally safe circuit according to claim 12, 
wherein tna different sparking voltages of said at laasc two 
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clreult aectora Having at lease one power Transfer path 
d»fi»*4 therebetween are o£ the same polarity and voltage 
clamping me^s comprising at leaat one zener diode is provided 
for clamping the voltage in tne power transfer path 
5 therebetween at a level which ie leefl than the higher of the 
two circuit sector s»ar)cing voltages. 

15. An intrinsically safe circuit according to claim 12. 
wherein the different sparking voltages of said at leaat two 
10 circuit sectors having at least one power transfer path 
defined therebetween are of opposite polarity and voltage 
clamping me ana c uui^ rioing at leant. a»e diode ie provided for 

clamping the voltage in the power transfer path therebetween 
at a level which is between the two circuit sector aparfcing 
IS voltages . 

0.6. X met ho 4 <=»£ eonfesrolliog volto^cp in an inevitiaieally safe 

circuit for use in a hasardoua environment , comprising: 
providing a plurality of circuit sectors which axe 
20 substantially isolated physically from one another by 
electrical insulating means; electrically connecting tne 

circuit Boctore , directly or indirectly , no txa Co define at 

least one power transfer path between each said circuit sector 
and at least one other said circuit sector, supplying power to 

25 each said sector, directly or indirectly, so that at least two 
said circuit sectors having at leaat one power transfer path 
defined therebetween are provided with different aparking 
voltages; and providing voltage clamping means associated with 
each aaid power transfer path between two aaid circuit sectors 

30 having different sparking voltages, for reducing tne maximum 
voltage which may be applied by one of aaid two circuit 
sectors to the other of aaid two circuit sector*. 
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17. An intrinsically sa€a circuit for use in a hazardous 
environment , the circuit comprising: a plurality of circuit 
sectors which are substantially isolated physically from one 
5 another by electrical insulating means, and are electrically 
connected, directly or indirectly, so as to define at least 
one power cronofer path between each said circuit sector and 
at least one other said circuit sector , and wherein at least 
two said circuit sectors having at least one power transfer 
10 path defined therebetween have different sparking voltages ; 
power limiting means disposed in the or each said power 
transfer path between at least two oaid connected circuit 
sectors for limiting the maximum power transfer value 
therebetween to a value lees than a predetermined threshold 
15 value at which combustion in said hasardoua environment is 
initiated; and voltage clamping means associated with each 
paid power transfer path between two ©aid cirauifc sector* 
having different sparking voltages, for reducing the maximum 
voltage which may be applied by one of said two circuit 
20 sectors to the other of said two circuit sectors. 

18. An intrinsically ears circuit according to olaim x or 
claim 12, wherein there is used a limited number of connecting 
wires between each two circuit sectors connected by at least 

25 one power transfer path. 

19. An intrinsically safe circuit according to claim is, 
wherein the number of connecting wires is no greater than 
four between at least one pair of said connected circuit 

30 sectors . 
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20. X personal computer (PC) incorporating an intrinsically 
aa£c circuit according to claim X or claim X2. 

ai. a data collector circuit consisting of an intrinsically 
5 aaf e circuit according to claim 1 or claim 12 - 
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An intrinsically aafe circuit for use in a hazardous 

5 environment is described. The circuit includes a plurality o£ 
circuit Hectares (1,2) which are ^substantially isolated 
physically from one another by an electrical insulator, such 
as air, and are electrically connected, directly or 
indirectly, so ae to define at least one power transfer path 

10 (Pi) between each said circuit sector (1) and at least one 
other said circuit sector (2) ; and power limiting means such 
as resistors {Rl, R2) provided in the or each aaia power 
transfer path between at least two said connected circuit 
s«?efcoM for limitino the maximum power transfer value 

IS therebetween to a value less than a predetermined threshold 
value at which combustion in said hazardous environment is 
initiated. At least two circuit sectors n,2) having at xeaat 
one power transfer path (Pi) defined therebetween may have 
different aparking voltages, in which case voltage clamping 

20 means such as Zener diodes (21, 82) is provided in each power 
transfer path between the two circuit sectors having differ out 
sparking voltages, for reducing the maximum voltage which may 
be applied by cne of the two circuit sectors to the other. 
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